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headaberrations, Also an egg that dies, mligh
trulae or headaberrations, had it lived long

We find that the "net"rates of the risk of headaverrations
and of the rick of exogastrulas in stages A and B resvectively,
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increase and decrease resp=zctively with rising toampernture.
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2. Crude and net rates of risk.
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In the termirology of NEYMAN wnhich we chall adort here,
the eggs are, after treatment with Li, exposed to four differen
so-called “risks", namely the risk of staying normal, dying ana
exhibiting exogastrulae or headaberrations.

In both stages A and B of developrent separ .tely, 21 egg-

nsses have been observed, each consisting of 4 X 13 eggs; 13 eg
ch of 4 different temperatures. The stages &

avely by identica.. m thods.
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fbipél
normad

the probability i1n st te of no

ty, of succu when all other ricks, except
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1athematic

staying a1l specification

of this concept will be

As we are interested in detecting differences in the net

rates of risk at difierent temperatures, and as only the crude

rates can be estimated directly from the observations, we have
to establish relations between the crude and net rates, To do
this, we follow the method of NEYMAN [’Y ] 2) :
then enable us to draw conclusions about the net rates from th:
which follow from a routine

These relations

results aboult the crude rates
analysis of thie observations.

Mathematical model,

3.

This section and the first part of section 4 are concerr
ed with considerations K which are valid for ave., eg~-mass Sep
ately, Thus we consider one egg-macss at a time. For every egg

mass the last exogastrula occurred before the first headaber-

ration. The time affter treatment with Li may therefore be div]

ed” in three periods (a, b and c), exogastrulae and neadaberra

ey

tions respectively ocaurring only in the first ani third perioc

respectively, and the second one containing only cases of deat
Death may also occur in the other periods, When z3peaking of th
time of an exogastrula, death or headaberration, we mean the
first moment when this new state has teen observed,

According to NEYMAN each of the three periods 1s divided
into a large number of small intervals of time, each of length
Dt . During
may pass into one of the three other states. Transition from
any of these three states to any cther state is impossible,

such a time At a normal egg may remaln normal or

astrulae or headsberrations no* being counter
We denote the probability of the possible

deaths after exog
as such (cf. %

2) Numbers within bracke
of this paper.

the references at the end
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transitions during At by qu.k’ ! indicatihg the period (A =a, b
or ¢) and k¥ the state of the egg at -the end of the interval
At considered, with | | {

' "k =0 corresponding £0 normality (N)

k =1 L " exogastrulae (E)
k =2 4 " headaberrations (H)
Kk =3 " " death (D)

The transition probabilities are taken to be constant
during each of the three periods, but possibly different for
different periods. *

Considering each of the three periods, as well as a, b and
c together, as a scheme of competing risks, we have crude rates
of risk k¥ (k = 0,1,2,3) in a, b and ¢ respectively (denoted
by (an, Qbkand Q ), as well as in the periods together (de-

noted by Qk)
We now have the following scheme of possible transitions:

At
N 3N 9,
Y ¥/ \4,
E DE D

Fig, 1

Possible transitions ol a Limnaeamegé after treatment with Li.

It is clear that this model is d simplifieation of realil-

ty as every mathematical model always is. 1t is easy to build
more complicated models, but difficult to handle them and there-

fore we have contended ourselves with this one.

4. Relations between net and crude rates of risks.

We divide each period in a number (say M) of parts, each
of length At. It is assumed that the probabilities of Transfer
q&k are proportional (at least in the 1limit) wlith the length of
the time interval At considered. This means that the quantities
X d.,e:F q“’kM (k= 1,2 3) tend to a 1imiT )\ :Lf M tends to infi-

L-fm CL >\ (k-:1,2,3)

(Here and in what follows, all limi'ts are for M -»o0)
Now we are in a position to express the crude rates Quk

in terms of Xd& . The rates Q, and Q of normallty and death
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respectively are not very interesting from a blological point
of view and may be left out of the investigation. Furthermore,
exogastrulae only occurring in the first period and headaber-
rations only in the third one, we have Q)m Q, and Q Q, -
Thus we only need to compute the crude rates for the perlods
separately.

Consideringrthe M Time intervals in period a, we get:

N g / a1 al
@“._.*__—_—M — e - ]

ig the limit of the sum of the probabilities of tTrans-

fer from state O to state 1 in the 1St 2nd9 .« o e s Nﬁh element
of time O0f period a, Thus:
o K=1 %(LO % q'-*-q/ Qe

Consildering perliod b separately as a scheme of competlng

r»sks, we obtalin:

M R
\3) Qh“ivm_ X »ﬂm(t..q/h)gjmow)%i = &

For period ¢ we get in the same way:

wk = Ny

(4) Q. =¢ ,
(5 ) ch‘ u )\ el (1 Qco)

We now 1ntroduoe the concept of net rate of risk mathema-
tically. The net rate of risk k (k=1,2,3) in periodi (i=a.b c))
genoted by'Tikﬁ is defined as the probability of transition,
in period i, from state O to state K, when all other risks h

( h= 1,2,33 Im£K) are eliminated, the transition probabilitlies
of these other risks being added to the trangition probabili‘'y
of staying normal. Or, in other Words,'Tﬁk is the crude rate
when ci’ is replaced by

L0

*»
' ' el ‘ —_— b 1
Qviozq Ci'i.k (4 2,b.c)
The net rates for the three periods taken together will be de-

noted by ‘Pk (k= 1,2,3). The definition of these net rates is

the same as for Tik'
Thus, wJFUQ is the probability., in period 1, of staying

normal with qﬂa=1.mqwkas the transition probability of stay~
ing normal., Therefore we have

"y
(6) 1 --»-‘P,_k = j-'f'm' (‘1‘“% ) «E&/ma(‘l = € ‘k.
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We use this formula to compute P GP)
(2) we get

Q. _
(7) )\ = T O\M-f-)\u).

(8) P

(9) E,,--'! . Q =

egg-masscs the length of the periods a, b and Cc may
ent 3) but this does not affect the defi

net rates of risks, nor the derivation of the formulas (7), (8
and (9). In fact, all rates of risk for one egg-m
the intervals of that par‘ticular egg-mass,

88 refer to

ay differ from
Thus if

trulation (or ‘PL of headaberratlons) is not influenced by the

difference of the four temperatures used in the expe the
right thing to do is to test this hypothesis for every egg-meoe=s

separately and to combine the results of these tests into one

overall test. This 1s easy, because the experiments with the
21 egg-masses are completely independent.

Under the hypothesis H_that P, is not influenced by the

temperature, we have 'Pq = ‘FM where C is the same for the

)
four temperatures (though possibly different for different egg-

masses). Hence, from (8) we find, for every e

gg-mass separately:
(10)

g
By differentiation we find that for every C, Q, 1s a
monotonic increasing function of Q, (cf. fig. 2)
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Graphical representation of the functlion

Q;.k - &mﬁ% (1 - Qco)‘

It follows that ‘4ecan.be rejected if this monotony 1S
refuted by the observations. Moreover we remark, that for any
two values of C between O and 1,the curve with the highest value

of C lies above the other curve.
An analogous argument holds for the hypothesis that Ti 18

not affected by the temperature.

5. Application,

The result of the experiments described in section 1 may
be found in table I. This table contains both the results for
stage A and stage B, which wlll be investigated separately.



| Table 1

Number of exogastrulae (E), headaberrations (B) and deaths (D) in

3 - o = F ' 1 w .

\
the three periods a, b and ¢ for each of 21 egg-masses after treat-

s + 3 ‘3

ment with Lithium at four temperatures of 15°, 20°, 25°2 and 30° C

Wiy il o i sl -l

= -' | | |

! : " |
: gl
2 ' ‘

a ' P e L L L Y * & 8 % Fe % * - n - % + ' ' H ¥

; + & % v 4 9% F 5 35 @ L T BN T N AR R L S - M B L P S A I N RNl N NN ET RN RN E RN RN NN T ﬂ#.lli!-!!hltﬁl'iﬁt#‘]-'!il-llﬂiiilitt‘ii'l“iiii‘ Apmiipienriteiiig % 59 e - ' .

»

i % t & ;| } : b+ '

. t
i ! : i : :

§ A ! ' H : : { » §
mc-uso 28 sAdRa J B -',q:;:n:qi:,.‘q » - 4 - ' ] & * A

4 - . *ra 9 LA A S L B £ A T R R li-i¢t¢§¢hﬁlliii'¢t¥#!-ll!f'i-}tﬁt:tii“ii:iiilﬂﬂtticibiiz—liiiiiiiti ittt#ﬂtll!!’#itn!'tti;l}ll#itiﬁ#ﬁtt}ittlit*%ﬂﬂbt attttntqst#q&‘nﬂnqﬂ;w}ua———

$ - : : ] : * = : * } 3 ;

by . 4 + 4 ' * b . Y . M “ *

- - * z = + M . * - * by * 4 *

. i % ; ‘ . ! : : : N : . :

& R et YT T YV E N W N BEyg R as F P L IR B BE SN NN N N N BN R I IR RN r ®» - * ) y < ‘ -

p a > i " 4 > = » ¥ ¥4 £ + " W & & F P &k ® e = ® +w u B w - w notio}nvitrt:rt‘iu-i%tfu FREE DI E N S E e PRI T ERRAANLISRIEEFN A S L SRO R IRV fiﬁi*ifﬂﬁi‘ﬂ!"'ivﬁill*.ﬁm‘.-I '

t 4 ¥ & [ -

: s . ’ 1 : x v t : . M . . ' .

: - & H = = . H * - » % . . .

- * : ' * . \ :

hy N i . t i > : - - * : . :

ot i 4 * ¥ *

» ol AR T A 2 E & BRI S n#llﬁ##ﬁ#!ilﬂfthaiit‘i * 5 3 z ¥ o * * *

: z . . * * - *i*t'*'*i'*;*ﬁﬂ-u--l:tntt--n LI I t&ftym;.inucic#;tti;:q R = & w kB a#*tt-ihtﬁiitturfn#ititntc§4¢:s§e- LR ER N i;##ﬂti!tfww‘ mam’

- | #

» L H ¢ ; H v - ' ; : . . 3 X 5 * .

- & * ' I - ! * § s hd $ N N % :

- : : N 3 1 * . . N * . . ' N : -
VRENNE 4 s % & » & 5 w =bkm 2 W 5 9 w wte » > = a ¢ . * . .

. # % W e ¥ % &2 & W F & w M+ #} v ¢ &8 m 2 he = A ® W B = 1 .

o - : N ‘ y - . 'ih!:ﬁi "= & . W & & #'}“"'*!*!‘-ﬁ}‘ii‘-i itﬁl&.t“#!#&!i&iﬁttil!p'!{igl{;--a.-ﬂ :aq-:t;;;quﬁt;‘.qacgcﬁ-ﬁ.ﬁﬂttnql_ui

2 # - i : & % . - [ 4 * ' '

M H * a » : b i 3 M * ] ¥

# * % & & 4

» t ] E . - - * » a L 6 »

: 2 : * . & - . * 1 = ¥ ¥ * b »
Jpsgs % s & v = 3 » P m = -« B &« = » w - e B W W P * = o e ” - - - . * hd ] ¥ = * ¥

> L -» -

: *i : % £ !; L 4 » - oo £ - - ? - - ! L - » = oy - » L) 't' = - - t:t » - » - - i B = % % 3 o5 " mow ’ = ¥ ¢ % » @ by q 5 e 29 2 n-a--laqc-n';{.ﬁtt;;.g;;t.f{ﬁ-itﬂtiwq :

» & ' € * . ™~ ' * ' ¢ » . *

L] d # * 3 b t L 3 * a * * ¥ F
& ¥ i . ] - » » * & [ & ) "

: 4 . : . - _ » * . . L] * 4 ¢
PR PRI A D AP F S B 'I-d-tid'r*ttuit -8 » » = = % b o# § N - B & E a * s ¢ » »> * *

: . : i ?ﬂ 1.-: & % b oW e & 2o & F d:l * & ® & 3 " % 4 &« 5 & F0S 5 W 2 & l‘t = 0 % & & ir# e EE EEENENYR I ,gn:"p-;-. T EW N SR A sE titig*;t-t\#;*;g;;;;ﬁr‘:tqili- ot maiited

L 1 * & *

™ - L * * - & : - # & : . * &

- # L ? - b * &« - L]
bl . . a b . ' - ¢ * *

* . % M # ' * s » & * ¢ * *

Y mticinaclltn sfw & = = ®» = w -2: s = = 5 =% 3 W ¥ 5 B 8 @ @« > » s # = - & *

: : . s - % = % & & 5 ® 4% w = t‘ e« = » = 4 - & B W ¥ K & 5 = @ F & € 2 % exs v p & == & & ¥ ¢ » mgik 4 5 B o & % 0 or a2 » 5w : B B B B # & F = s }1-!4;:#1&;%‘:!%”%““%:

» 3 4
]

. . ! a € % * . - . . . N » % + .

- i . z " : | 3 . 4 - | '

E 3 ¥ ¥ & ¢ " N hd = - & £

' ”—tttu U Y - o & & ! : * & . ’ N . * N . X N ’

s = A5 2 = > § = % * » * * & t! . & & & @ e % B & = - - ¥ &
. . z : s - & % : vy w* * 1 - + w» & -' - - # a4 = 3 B B ®'r s, F a4 m g E P F w2 l‘;l‘ - ® % ¥ = " B o a2 ov % B 3 B ¥ # & & 2 2 # =2 @ 3 ‘:I T EENEE.R R R EEREFFLFENFLYTEFLI Y IV
. * $ * ‘ e N * * % = * N " A - %
*
B K 5 . & = a * - 4 * M
j Sl iy v daalndr & @ =Wy b & B 6 B F & 2 % w b a s wu s = = - ¥y ¥ % = =  § - % W w =» * = » 3 & 2 - * L . * ] » ‘ * - I
] . 2 "I ; ‘r - = » @& w = - & !‘ h & & = % - & = &% * ¥ B 5 =% & » 1‘1; »~ n_% 3 W ; * & 8 ¥ = W = 3 @ )} A Byd ¥ ¥ B ¥ = ‘ & & & F B E 3.5 3 s g4 & 3R LB N BN T ESEAYTE "L EY NS TELL L ERR B o
* [

. ! * \ ' » . ' ¥ : v ¢ ¢
a * + 4 * .

- ¥ & \d - * . :

a . » + .

» ¥ . ' S % .

Y > -E » & 4 t - » - ’ b L] . ' * * '

- LR R E R - 5§ W & & = wid F o« W % F E % S % & & * !
; ! : 3 - hd LR S B . B :‘ @ v = = “"- * % m =& e & s ® 3 & x SLE B p = = & . * & 5 g4 = » - m s W m om e g w o« & »oyg sk s oy »hags Awaay ®t 2 s R kERFIGRasFe v ut s e Vidinkosk
»
. i + * - » b * ¥ : * ! ¥ . l
a & '
* p : . : . . » i ¥ > * + ’ * 1 f
» -
Wiiil'i#iiil! £ = % & B 5 §F W™,W H& W JF F | -?; » B O » = - W w & B wis = P - + ¥ * »
ya = i "

: i & R . - . rr - ® ¥ 3 B t:ﬂ- * ® ¥ = =m » ? 4+ & A 2F F &V w wisr = % % 3 & 4% " = w g ¥ * & N % 3z A4 -‘auvlnil-#iaili};f&-iivitiiii f‘l‘II"lq‘*iii.ﬂﬁil‘iﬁi!!ﬁ."“ﬂmi

. * 1 * 2 * N . N 4 . . . . ' . ;
L * ¥ L] 5 W & * hd * - *

» F ¥ 3 ; ¥ L ] g - % i

* e s A et e R v D  E - : ; p ) * N ! * & . ' » * * {

- ¥ FE FRE AW T AR E SN & k & @ aF g p k = & & 8 = mie =z = = W W w : I ;
{ - % E ’t v . L ®* ¥ #:l! w m % W = : r & £ 2 % 3 * & % « » & + # % @ & o ¥ 2 m " B r - % & B & W » & & R wm 0.1! # & 8 8 ¥ L 5 o i sy d s gy P g g F wf iy B TRy P Ped PR S A SRS ¢ g ag— .
1 b 3 .

L > * ! ' * * * * * ¢ * ' i ¢
a & ¥ * * ¥ . ¥ :
hﬂ*# -5 W o » - - * . * ‘ - : ¥ * . : :

: "2 X Fzahoww 4§ - > W o f - = W > ¥ 't' - % v & -r:w P = o ¥ * wge B e W o = w8y & ¢ o 4 » & m_.w 8 Hm e W $ S;* W B = = L ¢ 2,9 & = = = LR AR O L A L B A L LA B I “""*"“*\'"'*“""M*W"‘"m*‘““—”;

* 3 L
; * % ®

4 - * * ‘ ? * * » ' . ' :

4 £ . ' a L3 . ¢ * - . » . * ¢
1 3 . ¢ & * * ¥ ) ¥ » * % * = 2

¥ - : ¥

! ‘“vrl XXV EEEERE RS & » x wm w b:t LB S L -y - - ® # 2 > w w5 s & Fow om,wE o W o s =mBe o & a d 2 w = = “ w » = = a2 & » = * & @ e & g & & F s A B4 FEF s TSRS LA AR AR NS SNEEELD-XELRE ARl *""""W

* * » ] N b * * i N * * * * 4+ .

t H » N : * . * * * &

* & : - ‘ o . * o )

! wintfiqtqipga;;f R WM X F % E Fje " omE S #‘: = & % - -? &« W wm » = ge = » = = p;q » = p -:' s wm o & w % #* = 3 » ¥ wPw = a4 £H& = waw g = - a m A% b = = - - :ﬁ w 5 & = = - B P FE & o= E & = = e 5 a w F o & g gus b 3 v e : #aifur0-.-q.!i1*JI'l‘i-\H!#I*ll"rﬂ!t#ﬂ-#itli-itt-M

¥ " : - * * - = * # * ‘ * § ' * 4 4 t

» ¥ L 3 * % & hd L 3
' é . :
x - ¥ » - . * + * 1 ' & * : :
Sbmayge 4 g & X Fe P s w . - o - & . 2 ¢ ' v otmenaed
% - = o - : - & B B W& WUOF F = s = B iWpg = wm - W - ®& W Ty # &F »F w wWgWw W F &5 » i - w w w ke » o # » ats ¢ @ N OA e ® o 5P NP W FFEN @ = w ¥ 5 = ifi*t £ + 5 & 2 e 2 & 2 8 w8 28 » oy = B sWxrw P g = 5 o u R ' & P ‘;. -
. . " - . s & LE L 4 S dse
. : P ' - * - N 2 = ’ a * *
* ’ ¢ ] - a " _ - . . &
* * * - g - * ’ * + * ’ < ¥
i ¥ 4 » * * * * » b * ¢ * *
= ] F
i WP it b g 4 S g * & v & lii- * @ & e N W e s 5 B ?i = o = izi . W w W * m w = Am W gm = i; - - - -'! - - wm " o w B S, & W B| g B WP A = &zt & g # ¢ §F F & & Ej% = F 5= ":' * 2 » v e o s arumsw- AAR SR T AT E R L R R AR AR LA R Rl Al et i
1 4 ¥ * ¥ . + *
& L »
8 » ] : # x ¥ * . » 3 » » .
& * »
: . * 1 - 3 * f . ' 2 . + 1
' ; : § 1 z ¢ - b 3 M : * : * s
- x| » + )
-

! P il X B I Y B RN * B & i wm =i ow - s uk 'b: ¥ - w e *zﬁ E - - - [ - E - - o - s- - - - -z i i - ™ E 4 ﬂ!l o o » -Az e - > * 4 = & » ™ - b = = .I » = 4 o = f - O & & W oy 3 E T R4 F a s ---; r'#'---‘:---trhnttitcn—ti

H : + t e . A ¥ . = ¢

9 ] * » z : a * : M +

# ; * # ¥ * %

# - % » ¥ +* ]

] ho H

‘ o F re en u s eEdE * &2 g AN = m» = * & s 5 » e » & # =« ofe s & » = = " . W » » w» #» & o a8 - & = = == » & = ® n P W - - & wm o mow - &~ 8 wm ® = . = « ® - & g ® * @ s = = 2 g5 els & » P RN EEEEE DR R ""'""‘"****‘i*“*“""*"""i

= i 1 *

1 L

-

s PP IS S FLE R F F R A R R BN ® W R A F & & % = A & m " = > ®» w 2 = » w » #» mia w* = = v w w o - - w w & * w = - -« ¥ o« - &« = = 4 &« w w % #¥+ % » » = . 2 @ ¥ =& » - = & x . * = & W oW &S W oew MW ry mEax W sw At e Ry Wl cgrassE i marr Lk

§ ’ ’

H ’

.

» 5 ‘

$

' 3

*
' i
; H—*:“----l:rht & B = g wm e og = E & s m = m - e % = & = - w §F = 5 w a & > »n |« » - ” = - - L » - = - - - = - ok 5, W E L * L L = - > - - - - q " N W * w K = W W W E W F & B ik = a # % = * = - & @ * wow wehte R IR RER a2y gy ‘H-m'—‘—h‘
*

; 1 2 l

' + ' I 3 i

a L et LEE TN R W B = » 8 -4 & IR I N S B L L * v v R * #F# = =m= om = s fu ¢ F - » - w o =9 * = B = @ »> e » = - - LI ® 8 * F w agd ¥ ¥ % e A= s % = = & == AL A R R R R AR R LRI AR il A R B B R e T R e

3 :

{ X '
) !

l ‘m""‘ s xp e rlap ey R — y = w Exame . e T Y e - % F oo ¥ = s PR B w ok W W * A ¥ £ = B g eowm ko o ow m % § = % & - 4 A W * =8 i v & g * B " % w F e W i o W e B pgFixBh=: (L R X R NN L &R ] LE E R A NS ETE T ER B4 ¥

N ¥

# # } ; ] i b

! : : ' * :

3 » ‘l ¥ . : el t

: e aaan g S Pl TR SR R L F AT S RIS T I N N I ?» » = v e w 2% o« o ni x =l «n» a » @ s &« - o+ & #¥ m o4 = & £ = * ¥ w o= . = i = B W & - 5 _ & & %3 9 = = = ¢ 2 = 1 s = 1"& F = b * e - % # 5 Wm wis ® F e = = {f LR I A - L L L LN L S A *‘“’**{*"'-t!-'*'***i**m-"——i

- % E 3 # L %

. 4 . = » ] . - ‘ $ E

r * " 3 : b > » j : : i
+ d % I * ] x - » : t

" . 1

i ) - 3 " ; by L 4 ] " »*

: N * . g s 3 : " . H ' » {

, Pl i v s ¥k F Ry e e " 9w .- w v = * W & » ® = ® * - -ip = 2w W R - - w - ®» = = = -: * = & o+ S =% ff ¥ & =5 = = % % ¥ % W LF w B 5 A & =.w = W ¥ &£ @ wgxr 32 = = +& B .- 5 F ¥ » = t-:tlrt » 5 @® A § F k& #**iw}fn = EE *Q***"’*li*ﬂ" . -ﬁitkttﬁi#*ii!!liiti".'m‘
. - & . 3 I L " F 1

3
1 2 1 b . 1} L] = % Y & : : : i
b % i * 4 N # by »
& 1 s & s % 3 ¥ L »
: 4 2 . * . 1 . . H
& . . B e

: P N AW g g . x - oW w = % % ® w 0w - - - - » -l_ - » = = ..b:' - - - - - - » - :‘- - - - - oy f F - o {l ) - L ] - - - - - - - ki - L % = - ] - ‘i - - - iy L - - - l:: - p L [} o o L B o =wf H W K = % F = . > 'l.l:!‘i - ;qﬁ“rttulﬁtlltﬂilﬂ

: ¢ " : & ¥ L] - * » : :‘ % :

: * : : : : : : : : : : : : : :

» ’ - - * * L) » - ] ¥
* L * -  J » *
3 | ] ] [ - [ b L ] . ]
4 ¥ 9 ) 4 - s - * * * .
. M&Hltﬂ#thtd#autt*t * W O T P o W W n%, - % & ¥ = .:p . = ® W & g = B - = - E - E * wk u L] - * -:- E L = - - F - - - - = - - - e - N a :. L | - -t B F & o " O w8 & % &8 M Eww oYY &% an et R IAE RS Q*:l“l-‘ﬁ-l‘&-!l’l--!‘fﬁ'i-ltt‘giﬂ'!-‘ltt&*iciﬂ.hmr“!!w#w
= E L & k]

l ¥ : " » b a . % ’ * . . . * ¥ ¥

- * : » L r * w 1 » - » 2 L] - '
1 : H » [ - - : Y E Y - * = [ 1 ™ W
Y . : . - : * » ) % * - * ¥ » :
: RN A rERATE R L L AN SR :1.!*##«#!1‘#.!.##*“‘##l‘iII‘U.*‘“&-Q m&.‘it:i-‘a ¢ ® 4= - s R o e A o= > e = "y e % = * } = » = = -1* * & 5 = -#t#ntﬁ:t - = = » l"*wit#'t:d-trtrt!f v amevsgmrasnrgssdinasversensvorde cramm
- - u % »
‘ L ; » & » » : [ v ] Y % - ] & .
3 i Y 3

& " * ' a * . * " ’ * : ! : *

; Sllfprss s s it FErE v 0 8 g% F ¥ ? E W 2o ®m g c::p » e F -r’ : BB ® ® a2 a2 = = = = - & 32 » +PFPx & 5 5 = =t a - # w F W * = - = " = w = = 3 ¥ W w wum = w & w a¥r - - LA A *: L T S * % v M- * A s SEE s - EFe Ry = - iﬁl**: . i-rtrff:ﬁvii-t-t e i
: » 5 & " & . * &

i ¥ + * . . » * » £ . Y

1 4 * 4 - 3 ' ¥ » . * i
} 4 » * s - . . » . 3 ¥ N ¥

1 : . : ¢ N w & . 4 * * * * * .

s t#.—iﬁ-.!'#ﬂ'ﬂ&i‘ i.'liiifl‘l}!j » srm I pe s M E = -l PR w = ow + & B ™ om o Ty - - - e ma W - - - - .;# - = - - - - . - - :_‘ * - - - .i' * = 3 - - - F ] » - » - ¥ | N L 3 ’ » & W B W 4 P g B F @ s S 5 & B B & w ¥ .‘*t'*ﬁ#‘if A ER ¥ P E ekl ]

L]
1 . . ‘ * * . . 3 . . » N ' .
§ " * - . - 4 * * 1 a . . 2

» 4 o # . . »

1 o 1

: RFL TR T Fowm B E R B .‘* * % 3 = ':" -» w g - = l!:l w 2 F = !I:‘ = = 5 % =EIr = - % a w = e o oay A W - *« & %> = & & r L I LR O A . ‘e w =+ 3 = & » 5 & 3 » * + v xw 22 22 s rvd e on *-‘i *rs 2y rr s '**'.{“*“ A il At S i

]
. . - . i * * b * . ' 4 -
& . * ' a s b |
n [ 3 » +* [ |

s » - L] % . : N * * * ° * . ‘k

l * L J - ' : & - L & ' * z » » i

2 FE A AEP LT r R P U B R 2 mE OB W R R NS = o ,.:.,, * W W W ke * & w 4 o # & $ = =p s & K F Wy m » gm A »* & e e 5 T AW » * & &% w w o % # )} 2 =2 x = 2w *+ p " = » T S5 - 5 @ lt,,ur # gl = B !‘:d' e F w ¥ & & ¥ w = & F ¥* 3 * 1#"-:’#! "#tl'l'l-!lni##ini-li!-li#ﬂm_n-r-

s * * ; :

{ . ® ? bt : ¢ » 4 y ' ¢ ) i

4 . [} » % " » * 3 ] t » » - :

’ i * * - L * . * b » * L *

‘ ol [ ] . & b ] ’ * E ] £ ' ]

- LA R N B L N N N R B E RN Y 2 2 N T T U T S T S S 2 L T a & & = § K& & # w w Wy @ + & & = , ®x e & ¥ = 8w @« & ® ¥ & F W W ¢ F & £ 5 H W #, F " = » w % w &+ & g5 Ny % w - i » ¥ W " W l:iti = 4 w & * % *'iﬂiﬁis-ihﬁii#'z*#* %34 SRR by

* ] * & - L . *
. ’ 4 »
4 L % - 4 ] -
| ¢ " % * . M . * * ¢ *
» essvmtifu i dv f v h et Lo mwb s b E e 5 e BN eonm % s #% % s u ks P o o s 2 2 @ w e 2 & =t = omoa ¥ wie s @ & s = o= AR LS AR =wr e vy TREE R - R OFIIIIET L SR EE "‘i““{." ‘*"*‘f"**’ "'*"'*r‘i“ st Fank Ebe3
L] » -
- é [ . N ] - ] M » - * . + ¥ z
- ’ *
‘z § - - 2 1 - * » + - * s
: » & . - s . ' % » - * ¥
L 3 * i--i
’ LR S N A X S B K B I L E I I I N & % =B A 3 #.'n E W & & ‘# » & W & Sy S = =B PFp & - wm_ B = ™ - & = L 4 i - - m - =, ¥ - - - - - - w ¥ - - L] - ': - = w = ":" « W w= A PS& W @ & = Iy » & ¢+ ol v &« w2« "'"‘ = & % » w ¥ ® Pt T *:'-’ """-’ “"“"“‘ »
» ¥ = b [ 3 :
a ol [ ‘ E ] * E Y % s . %
i * . . . ' . i
s . » = + » . * 2 * ‘ [
H i' . . * . * ¥ * : * * . v
L * ¥ .
’ h—-‘vttuvt#nlvn-hi A N N LY I I AR S A R B - - # W & W W s » » = » & * W @ = @& w P = & * % ® e w v W -: « » = w #*T 4 w w 2 = “ » & rFr & % « a a » & &% F ¥ = 2 9 r “ a % ¢ » - Fit-ﬁgililll*“ilﬁit ANAS FEeMEne ry
l i . » * ? 3 * N . = * . X 1’
E E 3
F » * . -I 2 ] | . f - * »
’ L % * - E % & ’ * - . L
- M * ~4
1 Y * E |
l SEs FRERBESE TN FE &S * % 4 2 a & o h » » » 8 » g & = g » .t w W o« L] - - oy ~ ; * = = * ; ® & W # 2 @ % = W » - - = " " = & = '1 LA N A A L R L Y o i ‘sl *.*""{‘""r‘*""**."*'i“*‘*w
- %
) % . . . . : » * * » L . K }

! ! » " » * » * . he - * $

| t . * & * : ¥ - : * : ) » . * b4 '

: ... LU : . : , : - : : 4 . : : :

l " %W w W - » e % @ V- - - - - ‘- - - - ,‘“ - - - - - e ' - - - - F E » ﬁ' ] * - w ule o - -, = - E 2 ‘h E - - i » - E - ] & ik - L - L 3 - . - - - »n 4 aF - a = 4 & o g & & 9y &= & b _F w :ﬁ#-t#tf:"tn:iiittm

) L
{ . - - . N & - &
1 i ' . " s . 5 . ! » % » & - : * : ;
4
' P4 » ¥ = - [
1 H . 1 . » ' % * ‘ ¥ P &
1 t * 4 a hd » * . .I b * i . % ¢ ;
u-;-o-t-#t-ﬁd - % w R % 8w -I-I' = A WM M 24 F % ¥ & W g W - m - » = » = = . - _r - » - -t = - ad - v - - - - - - £ - > * - :' * - - - A -t N v v tawm - T * rEAm e e *"*‘lim
s L ¥ . [ b % » 1 ¥ ¥ * % | [
{ ' : ' ‘ ‘ ; : . ¢ . ' X . :
+ * z * 4 . : * |
l * » * * * % L N ¥
i b : * i T 3 'Y o M s 2 N s
€ 2 » * & :
. # ) = _ iR
i vE WS wm = » n- - - & B'% # @ » w'uw w2 e 2 b = - - - . . e - - ~” - - - .E - * - N - ': * " - ‘: - * '-g R “£° * - :‘ N " ‘t * R B 1 Ty T o 1‘ "I “‘*.:**““ e
: 3 - a . - ; ¢
: » *
H H i . * ‘ ) $ : : . : * .
¥ Y * % » N » 4 » . -
! . . ' : : : . : . g
s # %
BE B WL N E Y™ « * = » » wie +» 4 = Wiy = w = winw # & w milmw =& w2 W o« = = » # w = > w e wmie = @ % @ ;. ®m W m s s s * W = = o« # » = & wle ¥ ® Fgr BB F ALE s > e e h “ - "!" # Re T PRI ARINTISTREiamAtiranas
f ] ¥ ¥ i % E ] v * *
L 3 ‘ * 4 # ! ¥ E *
- E 4
» . : . : b
y -
2 [
F3 [



we now test for stage

peratures)?

normal during period A in egg-mass i@t temperature
numbers are then rank

separately and the ranks are added togt
Rowsg, where all eggs remained normal
From the column totals, obtained in this
mputed, which., under
stributed as xz. with
cedom, With large values of this
coefficient as critical values the onesided tail error P has

8 18 CO:
the hypothesis tested, is approximately d4i

suring the concordance between row

a known number of degrees of fr

2 . C | ,
been found- -from a table of the X -distribution.
spplied to test the hypothesis of in-
variance for Q in stage B, and for . in
¢ Ko -

The game method was

latter case we put in plot (i k) the number of eggs

mass i exhibiting exogastrulae at temperature k. The results
are summed up in table 11,

Table 11

Tail probabilities in testing the invariance
0f Q.. at different

temperatures.

_ liﬂ}..n totals
150 205—-—325
59

pwards or downwards respectively, means

ses or decreases respecti-

., pointing
crude rate 1ncreeé

An arrow

that the concerning




i e

and decreases in stage B. By means of (10) and fig. 2 we may
thus conclude, that C is not invariant either for changes 1n
temperature but that C decreases with increasing temperature
in stage A and increases in stage B. This means, that the net
wete .0 oisk of exogastrulation ?,1 rz?ﬁa‘*‘lwo increases with in-
creasing temperature in stage A and decreaseés 1n stage B.

The above procedure fails for Qm and Q,Cl because of the
unequal sizes of the egg-masses at the beginning of period c.
Therefore the hypothesis of invariance is tested in another way,
by means of 2x2-tables for every egg-mass separately, the results
being combined afterwards.

Let us take e,g. the test for invariance of Qm under chan-
ges of temperature., For every egg-mass we constiruct TwWO 2X2—-ta~-
bles, with the temperatures150 and 250 ( and 200 and 300 regs-—
pectively) as one dichotomy and the results "normal' or "not
normal at the end of period c¢" as the other dichotomy. For egg-
mass no 1 for instance and for the temperatures 150 and 2509
4> nveeccr of eggs at the beginning of period ¢ may be seen
from table I to be 13 and 10(= 13-2-~1) respectively. Of these
eggs 13 and 7(= 10-1-2) are normal at the end of period c¢. Thus
the 2X2-table for this case 1s:

el ; ) Snnpll AT SR

el ey il nf iyl u Py WY wiawr ey R £ il S AT 3 T A R S sl A R S T Hﬁmmww

normal | not normal ~ total |
13 0 13|
7 1 3 10 |
,total | 20 ¢ 3 4 . e3

It is a well known fact. that e,g. the number in the lef®
hand top corner of this table (i.e. in this case the number of
nAarmal om~cg gt 15° C) has, under the hypothesis of independence
tested, a hypergeometric distribution with known mean and vari-
ance. Denoting this number by x in each of the 2X2—-tables per-
taining to th investigation of the invariance of th: under
changes of temperature, we add all values of "x, denoting the
sum by s, adding also their means and variances, These last Two
sums then give us tThe mean € 4 and variance o 4) of 8 under
the hypothesis tested and using the approximately normal dis-
tribution of s, we may test the hypothesis of invariance of

by means of the statistic

unit varisnce if the hypothesis tested is true.
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This procedure was applied to Qco and ch in the stages A and B
of development separately. The summation of the values of x was
effected for the pairs of temperatures (1505 250) and (QOO, 300)
separately and for all 2x2-tables pertaining to one experiment
together, The results., with the onesided tail probability P in
the last column, may be found in table III., It may be remarked,
that this method could also be applied to period a instead of

the method of m rankings. In fact for period a still other methods

are posgsible . The method of m rankings was chosen because of 1its
simplicity and proved to be adequate. Had it been possible to
apply 1t to period ¢ too, then we would certainly have done so,

Table IIT

Results of testing the invariance of @

at different temperatures,

co %nd Q—tz

rude &ompalrec'

Stage | ote temperatures 4 | s | @) E" B

t_.__f T__.._?f__ 1102 1114,146 ..f._ 2,750 | 107> |

Q 30° | 14O.j142 403 | 2,592 0,177 ||

1 - %ﬁﬁed" 242 256,549 3,779 | 10 |
: A - - ' — _ - ; . — 1
i 159~ 25° 18_}_ 5,415 2,169 | 10% 1.
e e pe IR Py e | ;

| 29mfm§9wwmimmlgm+mm5iéggwpgilgﬁm“+_ O:OZ3 'Tg
| combined 31 | 18,235 {3,022 | 10 T
t 1_______5_‘3.: 25° 1197 1187,015 13,739 | 0,004 |
| Q . 20°- 30° [__%_.03, 178,885 13,659 | 107° M
| “ \ combined | 400 |365,900 {5,232 | 1072 4
B — _ — — _ _ ;

1 ; _15°-25° | 27 | 33,442 13,517 | 0,004 |
g Q | 20°-30° |17 | 20,804 12,858 | 0,092 ¥
| “ | combined | 44 | ! 54, 246 4, 532 | o0 o1§"m$1

The results in table III clearly indicate, that the hypothe-
sis tested of invariance of the crude rates should be rejected
immediately., . In fact we may safely draw the conclusion, that
in stage A @Q_decreases a@ﬁ.*Caiiucreaseswith rising tempera-
ture, while in stage B the situation is reserved. According to
fig. 2 this means, that the net rate of risk of headaberrations

(Tﬁ) increases with rising temperature in stage A and decreases
in stage B, |



6. Conclusions.

Distingu

rates, we have exam

the invariance of in the

crude rates

gstatistics,
1950.
Charles Griffin




